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Abstract

In the article the anatomical structure of mistletoe stems, ways of its penetration into the host plant are provided.
The anatomical features of the structure of mistletoe leaves are shown, the presence of drusen crystals in it, the number
of conducting bundles are established. The absence of differentiation of the parenchyma into columnar and spongy is
shown. The haustoria mistletoe contains chlorophyll. The differentiation of haustoria, their branching and the way of
penetration into wood are shown. The formation of folds on the bark of the host plant has been shown when seeds or
haustoria of mistletoe germinate. The mistletoe stem was also studied, the location of the conductive bundles was
shown, as well as the formation of protective modifications of the host plant when damaged by a semi-parasite.

The analysis of chlorophyll content in Viscum album on different host plants was performed, and a quantitative
comparison of Viscum album leaf parameters on different host plants was performed.
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AHHOTALUA

B cTaThe OCBEIIEHO aHATOMHUYECKOE CTPOCHHE CTeOJIel OMENbl, MyTH €€ MPOHUKHOBEHUSI B PACTCHUE-X03SMHA.
[Moka3zaHbl aHATOMHYECKHE OCOOCHHOCTH CTPOCHHS JIMCTHEB OMEIbI, YCTAHOBJICHO HAMYUE B HUX KPUCTAILIOB APY30B,
YCTAHOBJICHO KOJIMYECTBO MPOBOSIIMX Ty4KOB. [loka3ano orcyTcTBue quddepeHnmanuy napeHxuMbl Ha CTOI0YATYIO
u rybuaryro. OTMEUEHO YTO TYCTOPUHU OMEJNbI TaKke coaepxar xinopodumt. [lokazana nuddepeHiuanus rayctopui,
X Pa3BETBICHUS M CIOCOO MPOHUKHOBEHUS B JpeBecuHy. [loka3aHbl 0Opa3oBaHMS CKIJOK HAa KOpE PaCTeHHS-
XO3fMHA, KOTJa IMPOPacTalOT CEMEHA WM TayCTOPHUH OMeNbl. Takke HCCIenoBaH cTebelib OMENbl, MOKa3aHo
pacIoioKeHHe MPOBOMAAIIAX IyYKOB, a TaKke OOpa3oBaHHME 3allUTHBIX MOJU(UKAIMN DPACTEHHS-XO3UHA IPU
MOBPEKICHUHU TOJTyIapasUToOM. BBIT OCYIIECTBIICH aHaIM3 Ha colaepkaHue xjaopoduwioB B Viscum album Ha pasHbIX
pacTeHUAX-X0351€BaX, U MPOBEAEHO KOJMYECTBEHHOE CpPaBHEHHE MapaMeTpOB JHCTheB Viscum album Ha pasHbIx
PaCTCHUAX-X035A€Bax.

Kniouesvie cnosa: Viscum album, nonynapasum, pacmenus-xo3sesa, AHAmMoMusi, 2ayCmopuu.

Introduction

Viscum album is a species of semi-parasitic plants of the sandalwood family (Santalaceae),
which is distributed almost throughout Europe and in Ukraine in particular (Emsmurudopos,
WBanuikas, Manamyk, 2017).

Among the deciduous plants, the orders Fabales, Fagales, Lamidles, Sapinddles, Rosales,
Malvales and Malpighiales predominate (Yelpitiforov, Klymenko, 2020). And the further, the more
sincere this trophic series becomes. Mostly semi-parasite grows on old specimens. This is due to the
fact that the transport system of the host plant is already formed and when the semi-parasite is
affected, the tree can feed the "adapter" for a long time.

It inhabits the aboveground parts of deciduous, rarely coniferous trees. Perennial shrub (20-60
cm tall), mostly spherical (20-120 cm in diameter) with forked, bare, greenish-yellow, woody
branches. Under the bark of trees, host plants penetrate and develop suckers (haustoria), growing
deep into the trunk. Leaves opposite (3-6 cm long, 6-15 cm wide), evergreen, sessile, leathery,
thick, yellow-green, elongated, obtuse at the apex, entire, glabrous. The flowers are yellow,
inconspicuous, heterosexual, sessile, located 3-6 in the forks of the branches. Dioecious plants.
Staminate flowers with simple, corolla, tubular, four-parted perianth, four stamens, sessile anthers,
attached to the perianth leaves. Perianth of pistillate flowers with 3-4 separate crook; column
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absent, sessile, conical, lower ovary. Fruit - berry, white, spherical or short-oval (6-9 mm long, 5.5-
9.5 mm wide) with a slightly depressed tip, one- or two-seeded (Hawksworth, Wiens, 1996).

According to our data, the plants of the species affect 50 host plants on the territory of the
National Botanical Garden MM Grishko (Yelpitiforov, Klymenko, 2020), according to other data -
122 subspecies, varieties and hybrids that grow in Ukraine, including the Crimea. According to the
latest data (Krasylenko, Gleb, Volutsa, 2019) in Ukraine, plants from other genera related to the
genus Viscum, poxie — Arceuthobium oxycedri (DC.) M.Bieb. and Loranthus europaeus Jacq.,
which inhabit junipers and oaks, respectively.

The aim of this research - the explored of the anatomical and morphological structures of
mistletoe by the method of studying transverse sections of a leaf and plant shoots.

The study of the anatomical structure of plants of this genus, primarily the Viscum coloratum
L., was carried out by researchers from Siberia and the Urals. The results of their work confirm the
xenomorphic nature of the plant, and the results of this study of the shoots of Viscum album
coincide with the previous anatomical and morphological studies of plants of this genus. This
indicates that the host plant does not affect the anatomical and morphological structure of the
hemiparasite shoot plant.

Materials and methods

Biological material was collected in the Kyiv region (24 km from Kyiv), 13.03.2020 and on
the same day fresh cross-sections of leaves, haustoria with wood and apical buds of mistletoe were
made with a blade. The host plant on which the semi-parasite grew was identified as Betula
pendula, at least 20 years old. The choice of the plant is largely due to the fact that it is quite
common in Ukraine, has soft wood and is often affected by semi-parasites. Collected 25 shoots of
approximately the same age from different parts of the crown of three trees of the same species to
determine if there was a difference in the structure of the semi-parasite depending on its location on
the tree. The affected branches were collected from the lower, middle and upper parts of the
crowns, with a total mass damage to the crown of more than 70%. Anatomical studies were
performed using a light stereoscopic microscope STEMI 2000-C, photographs taken in the program
Axio Vision.

The chlorophyll content of Viscum album on different host plants was also determined. The
pigments were extracted from the plant material with 80% acetone and determined
spectrophotometrically at A = 663, 646, 470 (Lichtenthaller, 1987). The pigment content was
calculated in mg/g of crude material. A quantitative comparison of Viscum album leaf parameters
on different host plants was also performed using measurement statistics methods.

Results and discussion

Viscum album in the process of interaction "host-parasite” faces many problems, including
overcoming the protective forces of the host and providing access to water resources of the host
(Hawksworth, Wiens, 1996). Of great importance is the avoidance of mineral deficiencies,
differences in the chemistry of the juice of the host (Glatzel, Geils, 2008). The anatomical structure
of the organs of Viscum album, which contribute to the life of the plant and aimed at its
development and distribution is largely due to these processes.

Provided that the development of Viscum album will operate without special obstacles, 2-3
year old sprout in cross section reaches 5-6 mm. In general, Viscum album live 10-12 years
(Krasylenko, Gleb, Volutsa, 2019).

The cross section of the leaf (Fig. 1) indicates that the epidermis covering the leaf - single-
layer, has a thick cuticle. It is possible, as in Viscum coloratum L. (Ill¢kuna, Kpsutos, 2011), it is
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covered with epicular wax. The stomata are slightly raised above the epidermis or placed flush with
the epidermocytes, in contrast to the epidermis, for example, Viscum coloratum.
Conducting bundles can be up to 15 pieces depending on the size of the leaf.

D0 MKM

Fig. 1. Cross section of Viscum album leaf: 1) abaxial epidermis with a thick cuticle, 2) mesophile, 3) xylem, 4)
stomata, 5) inclusion of calcium oxalate, 6) phloem, 7) adaxial epidermis with a thick cuticle

In white mistletoe spongy, undifferentiated structure of the mesophile. Mistletoe leaves do not
develop the typical bipolar differentiation into columnar and spongy parenchyma. Their tissue
remains at the meristematic stage with a further increase in thickness and length until next spring,
which is also confirmed by the literature data (Calder, Bernhardt, 1983).

The letter contains inclusions of calcium oxalates CaC20s in the form of druse, which are
derivatives of oxalic acid (Pasgopckwuii, 1949). They are present only in the leaves of the semi-
parasite, the trunk and haustoria do not contain them. Some authors (Heide-Jorgensen, 1989)
explain the accumulation of these elements by the fact that they are actively used by the semi-
parasite in the regulation of osmosis and stomatal control. Although calcium may act as an
antagonist of potassium and phosphorus, which in comparison with the host in the tissues of the
semi-parasite more than in the tissues of the host (Enenutidopos, UBanunkas, Manaryk, 2017).

Interesting is the fact that the haustoria of the studied plants contain chlorophyll (Fig. 2),
which can be seen under magnification under a microscope.

Fig. 2. Haustoria of the semi-parasite Viscum album, which are inside the host plant Betula pendula*
1 - haustoria, 2 - wood of the host plant Betula pendula, 3 - bark of the host plant Betula pendula
* Anatomical sections of green haustoria are shown under different magnifications

During germination, the semi-parasite does not cut into the wood of the host. The seed
secretes special enzymes (lectins or thionines) (Bhandari, Mukerji, 1993), which do not germinate
in the wood, but cause the wood to grow around the seed, stimulating the protective mechanisms of
the host plants. Haustoria cells of Viscum album go deep into the periderm perpendicular to the
stem of the host plant. From the growth in the horizontal direction the first haustoria, or rizons.
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From them the branched system of accompanying haustoria is formed. Haustoria radially, through
the bast and cambium, penetrate to the secondary xylem and propagate parallel to the fibers (Fig. 3.)

Fig. 3. Germination and branching of Viscum album, inside the host plant Betula pendula (green is Viscum album)

Some of the cells connect with the cells of the host vessels and due to the higher osmotic
potential in the xylem of the semi-parasite Viscum album receives water with dissolved minerals
from the host. That is why it is not surprising that there is a higher rate of transpiration in mistletoe
than in the host plant (Tapan. 2007).

After infection, the developing mistletoe begins to use water from the host system. Some
species of mistletoe, especially from the family Loranthaceae, are able to almost completely use the
substances of the host phloem (Bowie and Ward 2004), but in Viscum album it occurs in part and
depends on the host plant, which is also characteristic of the interaction in system Viscum album-
Betula pendula. Thus, for the Viscum album, this form of existence can be considered semi-
parasitic, even if it provides photosynthesis is incomplete. After the initial branching, haustoria
grow together with the host stem due to the intercalary meristem. Haustoria form a kind of strands,
possibly with the release of specific adhesives, most likely lectins or thionines (Bhandari, Mukeriji,
1993) to dissolve the wood of the ho

On average, the crown of the Viscum album bush corresponds in size to its haustoric system
(Hawksworth, Wiens, 1996).

No less interesting is the formation of folds of bark on the trunks of the semi-parasite, which
are especially visible after the second year of life (Fig. 5). The same folds of bark are in the host
plant, which is obviously a defense mechanism, the ability to increase its surface area.
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Fig. 5. The formation of folds of bark on the trunk of Viscum album, adjacent to the place of ingrowth into the host
plant

If you take an annual shoot of the plant and study its anatomical structure, the cross section
shows the epidermis, which it is covered. The epidermis is single-layered, covered with epicuticular
wax, like a leaf. Next is a spongy mesophile, which houses the bundles of phloem, and below - the
primary core rays with the primary xylem (Fig. 6).
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Fig. 6. Cross section of an annual shoot Viscum album. () closer to the apical bud, Il - farther from the apical bud.
a - phloem bundles, ¢ - primary core rays with primary xylem (c)

However, in the cross section of the stem closer to the haustoria (Fig. 6 (1)), the xylem is
almost invisible, and the heart-shaped rays penetrate the stem almost to the center. At the apex of
the shoots, two germinal leaves are formed, which in cross section are somewhat similar to open
stomata and have a bean shape, and closer to the stem, below the apical bud, have a radial structure
(Fig. 7).

Betula pendula is able to secrete protective substances, which it tries to separate the tissue
from the intervention of the semi-parasite, which is visible on the brown transverse lines, most
likely birch tar. However, this does not prevent the semi-parasite from penetrating into the tissues of
the host plant by haustoria.
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Fig. 7. Cross section of apical buds Viscum album
a - closer to the apical bud, b - farther from the apical bud

p

Fig. 8. Formation of a protective barrier by the host plant when inhabiting its Viscum album

It should also be noted the fragility of the branches of the semi-parasite. With a large snow
cover or mass growth on the branches of the host plant, the semi-parasite can drop part of the
unwanted green mass along with the seeds, thus preserving the haustoria.

White mistletoe settles on 50 host plants in the NBS M.M. Grishko, and the quantitative
indicators of its assimilation apparatus are quite different, if we talk about the different hosts on
which it grows (Fig.8). Thus, the width and length of the leaf blade of Viscum album among all
studied plants is the largest on Aesculus hippocastanum, and the smallest - on - Crataegus
monogyna, which can correlate with the size of the leaves of these plants (Table 1).

Table 1. Quantitative indicators of length and width of Viscum album leaves on different host plants

Host plants Width+c Length+ o
Malus domestica 16,03+3,16a 57,25+12,39b
Aesculus hippocastanum 16,68+3,55a 67,42+8,14a
Crataegus monogyna 10,67+1,83b 44,70+7,98¢
Acer negundo 10,504+2,22b 65,30+8,47ab
Robinia pseudoacacia 10,80+1,03b 47,30+£2,67¢

* The same letters indicate the absence of a significant difference between different hosts (P<0,05).

The width of the mistletoe leaf blade on Malus domestica and Aesculus hippocastanum is
significantly greater than that on other studied hosts.

Viscum album from Aesculus hippocastanum morphometrically differs most from Viscum
album on other host plants.
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It should also be noted that the number of pigments in Viscum album is the same on different
hosts, but Aesculus hippocastanum differs slightly more in the ratio of pigments. Perhaps this is due
to the fact that the semi-parasite as a whole uses this plant as a host not so long ago as other plants
(Table 2).

Table 2. The presence of pigments in the leaf Viscum album, which grows on the studied plants, and their ratio

A chla Achl b A car chla/chl b (Chla+chlb)/car
Malus domestica 1,46+0,46a 0,30+0,05a 0,52+0,22a 4,82+0,92ab 3,54+0,49ab
Aesculus hippocastanum 1,10+£0,26a 0,30+0,03a 0,35+0,10a 3,64+0,63b 4,10+0,40a
Crataegus monogyna 1,67+0,32a 0,26+0,05a 0,64+0,13a 6,42+0,88a 3,04+0,27b
Acer negundo 0,98+0,25a 0,25+0,02a 0,36+0,13a 3,83+0,63bc 3,65+0,55ab
Robinia pseudoacacia 1,61+0,26a 0,28+0,01a 0,61+0,07a 5,82+0,9ac 3,10+0,06b

Today, the only effective way to combat Viscum album is sanitary felling, topping (or
continuous removal of the crown) and continuous felling.

Morphologically, the leaves and shoots of Viscum album at the apex of the crown are larger;
anatomically, there are practically no differences between them. Likewise, there is little or no
difference between semi-parasitic plants on different host plants.

Conclusions

In general, the structure of the shoot, leaves and haustoria of Viscum album, as well as the
presence of chlorophyll contributes to a semi-parasitic lifestyle, although some scientists claim that
the plant may be a complete parasite. In general, tissues are characterized by xenomorphism, the
presence of wax substances and a significant acceleration of transpiration processes. Penetrating
into the host's host system, the Viscum album merges with its xylem to get water and possibly some
organic matter. Thus, we can talk about chemical means of struggle, such as herbicides, only in the
context of the not evergreen of the host. Mechanical means of regulating the number of Viscum
album are effective provided that the affected areas are completely excised. Pruned haustoria after
some time are restored and branched, forming new plants Viscum album.
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AHaToMo-Mop(orornyeckue 0COOEHHOCTH ACCHMMUJISIHMOHHOIO aNapaTa u
raycropuii omeJibl 0esioii Viscum album L. Ha pacTeHUN-X035IMHE B KOHTEKCTE
ee MoJIyNapa3suTHYECKOro crnocoda :mu3Hu

(Tlonyueno B centsOpe 2021 r.; oraano B neuats B Qespane 2022 r.; noctyn B untepHere ¢ 6 mas 2022 1.)
Pesrome

B kxoHTekcte Bce Oousbmiel skcrmancuu Viscum album B Ykpamne u B EBpore B ToM umcne, OOTaHHKOB BCe
OosipIle MHTEpECYeT CTPOEHHWE pacTEeHHA-TIONYNapasnuTa, a TaKKEe MEXaHW3Mbl B3aHMOJCHCTBHS «XO3SHH-
MOTyTIapa3uT». JTO pacTEHHE OXBATHIBAET BCE OOJBIIE «XO35EB», MOITOMY AKTYaIBHBIMH CTAHOBSITCS MEXaHH3MBI X
BSaHMOﬂeﬁCTBHH. Ha renetnueckom YPOBHEC MPOBOANIOCH OJOCTATOYHO MHOTO HCCHe}IOBaHHﬁ, B TOM 4YHUCJIC U B
YKpauHe, HO aCCUMHJLIIMOHHBIN anmapar W ero aHaToMO-MOP(OJIOTHYECKOe CTPOCHHE II0Ka3aHbl B JIUTEPaType
JIOBOJIBHO CJ1a00.

B o6wmieii cnoxuocti Viscum album xwuByt 10-12 ner, HO mepBble rojbl MOJyIapa3uTa NPOTEKAIOT BHYTPH
«X035MHa». 37IeCh pacTeHHEe Pa3BUBACTCS M pPa3pacTaeTcs I'ayCTOPUSMH, B KOTOPBIX HECOMHEHHO €CTh XJIOPO(MILI.
IMobern u nucthst Viscum album ¢ A0OCTaTOYHO TOJCTOW SHHACPMOM, YTO YyKa3blBaeT Ha KCepoMOP(HHOCTH
nomynapasuta. Mesopwmn nuctka HenuddepeHIMpoBaHHBINH, a y mo0Oera HET IMOJOCTH BHYTPH, BCE 3allOJHEHO
MapEeHXUMOH.

OTMedeHO TakKe HAIMYME OKCANIATOB KaJbLHWS, HO TOJBKO B JINCTBSX, CTBOJ M MOOETM WX HE COZIEpIKar.
Buaumo, 310 cBa3aHo ¢ teM, uro CaC204 akTUBHO UCHOJB3YETCS B PETYJIILMH OCMOCA M KOHTPOJIS YCThHI. XOTS,
BO3MOJKHO, KaJbIUil padoTaeT Kak aHTaroHUCT (ocdopa u Kanus. DTUX 3IEMEHTOB B TKAHAX IOJyHapasurta Oojblie
YeM B TKaHSX PacTCHUA-XO03I1MHA, KaK TOKAa3bIBAIOT HAIIN MPEIBIIYIIIE HCCICAOBAHNS.

Mopgene mnpopacTaHusi TayCTOpPUMl IOJynapa3suTra He Takas, Kak y Jpyrux pacreHuil. Ilomynapasut He
npopacraer cam, OH CTUMYJIUPYET HapacTaHWe TKaHEH XO035MHA BOKPYT I'ayCTOPUH, HUCIOJIb3YS 3alIMTHbIE MEXaHU3MBI
pacTeHHs W Ioiy4yas OT HEro Boxy Omarojmaps Ooyiee BBICOKOMY OCMOTHUYECKOMY IMOTEHIHaTy. VIMEHHO MO3TOMY
OTKPBITBIM OCTaeTCsl BONPOC TpaHcnupauu Viscum album, Benp ee rmokazaTean HAMHOT'O BBIIIE, YeM Y PACTCHUM, Ha
KOTOPBIX OHA MOCENSAEeTCS.

B cpenHeM, KpoHa KycTa COOTBETCTBYET €ro rayCTOPHANbHOM CHCTEME.

PacteHne-xa3s1H MCHONB3yEeT MEXaHU3MBI 3aIIUTHl OT FayCTOPHH MOJIyNapa3nuTa, B BUJE HAPOCTAHUS TKaHEH U
00pa3oBaHMs CKJIAJ0K, HO B JaHHOM CIydae 3TH MEXaHH3MbBI PabdOTaIOT MPOTHB HETO0 CaMOro, YBEJIMYHMBas IUIOLIAIb
pa3pacTaHusi rayCTOpHH.

B ciryuae, ecam nosynapasuT Habupaet O0JIbIIYI0 MacCy, 9eM MOJKET BBIZEpKaTh X03sMH, Viscum album Moxer
cOpachIBaTh 4acTh KPOHBI BMECTE C CEMEHAMH, Pa3pacTasiCh BHYTPH JIPEBECHHBI Oaroiaps rayCTOpHsIM.

Mopdosoruyeckne nokaszaTenan JMCTheB Viscum album cBsi3aHbl C pa3MepoOM JIMCTHEB PACTEHHI-XO035€B U
PacnioJIOKECHUA B KPOHE, IPYTHUX TeHI[eHL[I/Iﬁ HC OTMCUYCHO, KaK U B IOKa3aTCJIAX ITMI'MCHTOB.

CeroiHsi BO3MOKHBI HanOoJee palroHalIbHbIe crloco0bl 60pbObI ¢ Viscum album - 3T0 TONMHT, CaHUTApPHBIE U
CIUTOLITHBIE PYOKH.
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